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ABSTRACT 

A new mission rule for S- IVB LOX tank overpressuri- 
zation prior to first burn was implemented for AS-503. If 
tank overpressurization occurred before LET jettison, the 
rule would have required the crew to abort; after LET 
jettison, upstage to the S-IVB would have been required. 
Overpressurization can occur within 50 seconds if either 
of the cold helium supply shutoff valves remain open, 
causing the GOX to freeze t h e  tank vent valves closed. 

For AS-503, the risk appeared to be minimal, con- 
sidering the failure criticality and the mission rule im- 
plemented. For AS-504, the probability of occurrence 
appears to be more remote due to an S- IVB pressurization 
system sequencing change. However, since single point 
failure modes exist which could cause the overpressuriza- 
tion condition (and the crew has no onboard cues available), 
it is recommended that consideration be given to retaining 
the mission rule for AS-504. 
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INTRODUCTION 

A new m i s s i o n  r u l e  f o r  S - IVB LOX t a n k  o v e r p r e s s u r i -  
z a t i o n  p r i o r  t o  S-IVB i g n i t i o n  was implemented f o r  AS-503. 
I f  t a n k  o v e r p r e s s u r i z a t i o n  were to o c c u r  t h e  crew would 
a b o r t  p r i o r  t o  LET j e t t i s o n ,  and would u p s t a g e  t o  t h e  
S-IVB a f t e r  LET j e t t i s o n .  
cou ld  o c c u r  due to any f a i l u r e  which p reven ted  c l o s i n g  
o f  e i t h e r  S-IVB LOX t a n k  p r e s s u r i z a t i o n  c o l d  hel ium supp ly  
s h u t o f f  v a l v e .  With con t inuous  c o l d  hel ium f low i n t o  t h e  
t a n k ,  t h e  u l l a g e  p r e s s u r e  would r i s e  t o  t h e  r e l i e f  s e t t i n g  
o f  t h e  two v e n t  v a l v e s .  The vent v a l v e s ,  which are  p i l o t  
o p e r a t e d ,  would c o n t i n u e  t o  vent  t h e  gas mix tu re  i n  t h e  
u l l a g e  space  u n t i l  t h e  c o l d  helium c h i l l e d  t h e  GOX-helium 
m i x t u r e  t o  a low enough t e m p e r a t u r e  to cause  t h e  GOX t o  
f reeze .  I f  t h i s  were to o c c u r ,  t h e  f r o z e n  GOX cou ld  
c l o g  t h e  v e n t  v a l v e  p i l o t  c i r c u i t s  ( F i g u r e  l), l ower ing  t h e  
v a l v e  main p i s t o n  a c t u a t i o n  p r e s s u r e  c a u s i n g  t h e  vent  v a l v e s  
t o  c l o s e .  

S-IVB LOX t a n k  o v e r p r e s s u r i z a t i o n  

DESCRIPTION OF THE LOX TANK PRESSURIZATION SYSTEM(@ 

The S-IVB LOX t a n k  i s  p r e p r e s s u r i z e d  3 minu tes  
b e f o r e  l i f t o f f  by t h e  GSE which s u p p l i e s  c o l d  he l ium t h r o u g h  
t h e  c o l d  he l ium f i l l  p o r t  ( S e e O F i g u r e  2 ) ,  t h e  LOX t a n k  
p r e s s u r i z a t i o n  module 2 t h e  plenum 3 and t h e  heat ex- 
changer  bypass  o r i f i c e  % i n t o  t h e  L 8. X t a n k .  When t h e  
u l l a g e  p r e s s u r e  i n c r e a s e s  to 4 1  p s i a ,  t h e  t a n k  p r e s s u r e  

c o l d  switch9 he ium supp ly  s h u t o f f  v a l v e s @  T h i s  comple tes  t h e  
p r e p r e s s u r i z a t i o n  o p e r a t i o n .  The LOX t a n k  i s  p r e s s u r i z e d  
from l i f t o f f  to f i r s t  burn  i g n i t i o n  by  t h e  c o l d  he l ium 
s t o r e d  i n  t h e  n i n e  he l ium t a n k s a  ( a t  3100 ps i a )  l o c a t e d  
i n  t h e  S-IVB LH2 t a n k .  
on when t h e  LOX u l l a g e  p r e s s u r e  d r o p s  below 38 ps i a .  T h i s  
c a u s e s  t h e  t a n k  p r e s s u r e  swi t ch  to open which commands t h e  
c o l d  he l ium supp ly  s h u t o f f  v a l v e s  t o  open. The c o l d  he l ium 
f lows  i n t o  t h e  t a n k  u n t i l  t h e  p r e s s u r e  r e a c h e s  4 1  p s i a ,  a t  
which p o i n t  t h e  p r e s s u r e  swi t ch  commands hel ium s h u t o f f .  

s ends  an  e l e c t r i c a l  s i g n a l  t o  c l o s e  t h e  redundant  

The co ld  hel ium f low i s  commanded 
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During S-IVB engine  o p e r a t i o n ,  the  c o l d  he l ium supply  
s h u t o f f  v a l v e s  are open.  The LOX t a n k  
r e g u l a t o r  backup p r e s s u r e  a l s o  c o n t r o l s  t h e  
c o l d  he l ium supply  s h u t o f f  a backup f o r  t h e  
p r e s s u r e  r e g u l a t o r  9 w i t h i n  t h e  LOX t a n k  p r e s s u r i z a t i o n  module 

s w i t c h ,  t h e  c o l d  he l ium flow i s  d i v i d e d  i n t o  two f low p a t h s .  
One f low p a t h  leads d i r e c t l y  to t h e  t a n k  u l l a g e ,  the  o t h e r  
f low p a t h  p a s s e s  th rough  t h e  J-2 heat exchanger  @. 
he l ium hea ted  by t h e  5-2 heat exchange r ,  f lows  th rough  a n  
o r i f i c e  0, i s  mixed w i t h  t h e  c o l d  hel ium which bypassed  t h e  
heat exchanger ,  and t h e  w a r m  mix tu re  f lows  to t h e  t a n k  u l l a g e .  
I f  t h e  t a n k  u l l a g e  p r e s s u r e  drops  below 38 p s i a  t h e  u l l a g e  

@ Down stream of  Q he LOX t a n k  r e g u l a t o r  backup p r e s s u r e  

The  c o l d  

s w i t c h  w i l l  command t h e  heat exchanger  bypass  v a l v e  
sending  a l a r g e r  volume of  heated he l ium to t h e  

X t a n k .  A t  4 1  p s i a ,  t h e  p r e s s u r e  s w i t c h  w i l l  c ause  t h e  ex- 
change r  bypass  v a l v e  t o  c l o s e ,  r e t u r n i n g  t h e  f low to t h e  
heat exchanger  o r i f i c e  p a t h .  

After S-IVB burn ,  t h e  LOX t a n k  i s  ven ted .  P r i o r  
t o  second burn ,  t he  LOX t a n k  i s  r e p r e s s u r i z e d  r edundan t ly  
by a n  ambient  hel ium supp ly  and an  oxygen/hydrogen b u r n e r ,  
which i s  used  to heat the  co ld  he l ium p r i o r  t o  i t s  e n t r a n c e  
to t h e  LOX t a n k .  The real t i m e  sequencing  of  t h e  d i f f e r e n t  
p r e s s u r i z a t i o n  c y c l e s  i s  c o n t r o l l e d  by t h e  S-IVB s w i t c h  s e l e c -  
tor. 

The LOX t a n k  p r e s s u r i z a t i o n  or makeup c y c l e  a f t e r  
l i f t o f f  and be fo re  f i r s t  burn,  was o r i g i n a l l y  i n t e n d e d  t o  
makeup u l l a g e  p r e s s u r e  d e c r e a s e s  which r e s u l t e d  due t o  i n -  
c r e a s e d  a c c e l e r a t i o n .  (The e f f e c t  o f  a c c e l e r a t i o n  i s  to 
i n c r e a s e  t a n k  and u l l a g e  volume; t h e  LOX a l s o  c o o l s  t h e  u l l a g e  
g a s e s  c a u s i n g  t h e  t a n k  p r e s s u r e  t o  d e c r e a s e ,  Re fe rence  1). 

D I A G N O S I S  OF PROBLEM 

A. F a i l u r e  

There are two b a s i c  f a i l u r e s , e i t h e r  of which could  
p r e v e n t  t h e  co ld  hel ium from be ing  s h u t o f f .  

(1) F a i l u r e  of e i t h e r  of t h e  two c o l d  hel ium s h u t o f f  
v a l v e s  to c l o s e ,  o r  

( 2 )  F a i l u r e  of  a n  e l e c t r i c a l  component fn t h e  
p r e s s u r e  s w i t c h  c i r c u i t  t o  signal excessive 
p r e s s u r e .  

The c o l d  hel ium s h u t o f f  v a l v e s  and t h e  t a n k  p r e s s u r e  s w i t c h  are shown 
s c h e m a t i c a l l y  i n  F igu re  2 .  The t a n k  p r e s s u r e  s w i t c h  e l e c t r i c a l  c i r c u i t  
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c o n t a i n s  s e v e r a l  s i n g l e  p o i n t  f a i l u r e s  which c o u l d  p r e v e n t  
c o l d  hel ium s h u t o f f  o r  which c o u l d  i n i t i a t e  i n a d v e r t e n t  c o l d  
he l ium f low.  These s i n g l e  p o i n t  f a i l u r e s  i n c l u d e :  

(1) The LOX t a n k  p r e s s u r e  s e n s o r  and i t s  e l e c t r i c a l  
s w i t c h ,  

( 2 )  

( 3 )  The c o i l s  o f  t h e  c o l d  he l ium s h u t o f f  v a l v e s .  

Relays  K-74 and K-30, which c o n t r o l  t h e  supp ly  o f  
power t o  t he  c o l d  he l ium s h u t o f f  v a l v e  c o i l s ,  and 

B. Cold Helium I n j e c t i o n  

Regardless of t h e  s o u r c e  o f  t h e  f a i l u r e ,  any con- 
t i n u o u s  c o l d  he l ium f low i n t o  t h e  LOX t a n k  b e f o r e  5-2  e n g i n e  
f i r s t  burn  i s  l i k e l y  t o  f r e e z e  t h e  v e n t  v a l v e s  c l o s e d .  Vent 
v a l v e  f r e e z e u p  was n o t  cons ide red  a problem u n t i l  r e c e n t l y  
because  it was f e l t  thaL t h e  colcl he l ium would n o t  mix w i t h  
t h e  GOX, b u t  t h a t  t h e  helium would b l a n k e t  t h e  GOX p r e v e n t i n g  
t h e  v e n t  v a l v e s  from b e i n g  exposed t o  it. Recent tests a t  
MSFC (Week of December 12) have shown tha t  t h e  t a n k  v e n t  v a l v e s  
w i l l  c l o s e ,  and remain c l o s e d ,  i n  t h e  e v e n t  of  a c o n t i n u o u s  
c o l d  hel ium flow i n t o  t h e  u l l a g e  s p a c e .  (The t e s t s  a r e  still 
b e i n g  e v a l u a t e d  f o r  t h e i r  s i m u l a t i o n  of a c t u a l  f l i g h t  c o n d i t i o n s ,  
Re fe rence  4 ) .  

C .  P r e s s u r e  R i s e  and Tank Rupture 

F i g u r e  3 shows a t y p i c a l  S- IVB LOX t a n k  u l l a g e  
p r e s s u r e  p r o f i l e  ( c a l c u l a t e d ) .  The f i g u r e  shows t h e  d e l a y  
t i m e  o f  50 seconds  expec ted  from t h e  c o l d  he l ium s h u t o f f  fa i l -  
u r e  u n t i l  b o t h  v e n t  v a l v e s  f reeze c l o s e d  and t h e  p r e s s u r e  
b u i l d u p  b e g i n s .  With b o t h  v e n t s  c l o s e d ,  t h e  t a n k  p r e s s u r e  
i s  s e e n  t o  r i se  a t  a r a t e  o f  abou t  1 . 7  p s i a / s e c o n d .  A t  t h i s  
ra te  t h e  bulkhead would f a i l  i n  17  seconds .  

D. L ike l ihood  of  F a i l u r e  

The combined c o n d i t i o n  of  f a i l u r e  of t h e  he l ium 
v a l v e s  t o  s h u t o f f  and subsequent  f r e e z i n g  of t h e  LOX t a n k  
v e n t  v a l v e s  has a c r i t i c a l i t y  number o f  256,  (Re fe rence  2 ) .  
The p r e s s u r e  swi t ch  which i s  p robab ly  t h e  most s u s c e p t i b l e  of  
t h e  s i n g l e  p o i n t  f a i l u r e s  has a c r i t i c a l i t y  number o f  1 4 ,  
(Reference  2 ) .  
and t h e r e f o r e  i s  n o t  cons ide red  t o  be an  i t e m  o f  conce rn .  

T h i s  s w i t c h  has no t  had a bad f a i l u r e  h i s t o r y ,  
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E f f e c t s  on AS-503 

It d i d  n o t  appea r  l i k e l y  t h a t  makeup p r e s s u r i z a t i o n  
would be r e q u i r e d  f o r  AS-503; however, c o l d  hel ium f low cou ld  
have been i n a d v e r t e n t l y  i n i t i a t e d  by any o f  s e v e r a l  s i n g l e  
f a i l u r e  p o i n t s .  A m i s s i o n  r u l e  i n s t i t u t e d  to i n s u r e  crew 
s a f e t y  was (Reference  5 ) :  

(1) P r i o r  t o  LET j e t t i s o n ,  t h e  crew would a b o r t  i f  ground 
t e l e m e t r y  i n d i c a t e d  t h e  f o l l o w i n g  two m a l f u n c t i o n  
cues  : 

( a )  Continuous c o l d  hel ium f low,  and 

( b )  LOX t a n k  u l l a g e  p r e s s u r e  o f  50 p s i a  (or 
s a t u r a t e d  a t  i t s  upper  l i m i t ) .  

( 2 )  After  LET j e t t i s o n ,  t h e  crew would u p s t a g e  i f  ground 
t e l e m e t r y  i n d i c a t e d  the following two m a l f u n c t i o n  
cues  : 

( a )  Continuous c o l d  helium f low,  and 

( b )  LOX t a n k  u l l a g e  a t  t he  ven t  r e l i e f  p r e s s u r e .  

There were redundant  i n d i c a t i o n s  o f  u l l a g e  p r e s s u r e  and c o l d  
hel ium f l o w  a v a i l a b l e  t o  t h e  Boos ter  Systems Engineer  (BSE)  
a t  MCC.  

I n  ear th  o r b i t ,  i n d i c a t i o n s  of  LOX t a n k  p r e s s u r e  were 
a v a i l a b l e  t o  t h e  f l i g h t  crew i n  a d d i t i o n  to t h e  m a l f u n c t i o n  
i n d i c a t i o n s  a v a i l a b l e  t o  t h e  BSE. I n  t h i s  c a s e ,  t h e  LOX t a n k  
could  be ven ted  by ground command to Gpen t h e  v e n t  v a l v e s ,  
which was n o t  p e r m i t t e d  by t h e  so f tware  d u r i n g  b o o s t .  Cont inuous 
c o l d  hel ium f low would n o t  c o n s t i t u t e  an  undue crew s a f e t y  
hazard  i n  e a r t h  o r b i t .  

E f f e c t s  on AS-504 and Subsequent Veh ic l e s  

For AS-504 and subsequent  v e h i c l e s ,  t h e  S-IVB LOX 
t a n k  p r e s s u r i z a t i o n  makeup c y c l e  w i l l  be i n h i b i t e d  u n t i l  30 
seconds  p r i o r  t o  S-IVB f i rs t  burn (Reference  3 ) .  ( T h i s  i s  a 
s o f t w a r e  change which was n o t  i n s t i t u t e d  f o r  AS-503 because  i t  
would have r e s u l t e d  i n  a l aunch  d e l a y ) .  I f  con t inuous  c o l d  
hel ium f low were t o  occur  d u r i n g  t h i s  p e r i o d  of  t i m e ,  it would 
n o t  cause  t h e  v e n t s  t o  f r e e z e  because t h e  hel ium would be warmed 
s h o r t l y  a f t e r  eng ine  i g n i t i o n .  
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CONCLUSIONS AND RECOMMENDATIONS 

For AS-504 and subsequent vehicles, the likelihood 
of a failure causing continuous cold helium flow appears 
t o  be more remote due to the software change which eliminates 
the pressure makeup mode for early flight. Consideration should 
be given, however, to retaining the mission rule implemented 
on AS-503 because single point failure modes still exist which 
could cause overpressurization. 

2033-AB-sep 
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A. Bresnick 
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